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1. Introduction

Between RAN1#54bis and RAN1#55, an email discussion on support downlink control signaling took place. The topics discussed were:
· Component carrier aggregation numerology 
· Spectrum utilization, guard bands component carrier spacing 
· Aggregation bandwidths and DL/UL asymmetry
· Non-contiguous carrier aggregation 
· All component carriers LTE Release 8 compatible

· MAC to physical layer mapping
Below, a summary of the discussions is provided and a way forward is proposed based on the discussions that took place. 

2. Component carrier aggregation numerology 

Question asked in email discussion:

We have already included text on channel aggregation to 36.814 stating that “Carrier aggregation, where two or more component carriers are aggregated, is considered for LTE-Advanced in order to support downlink transmission bandwidths larger than 20 MHz.” In R1-083750 it is proposed that the component carriers should have the same numerology as for Release 8 LTE carriers and maximum occupy 110 RBs which seem to be in line with the backwards compatibility requirement and the current text in the TR. Is this fine with everybody? 

There was general agreement on this.

Proposal for baseline assumption: The component carriers will use the LTE Release numerology and occupy maximum 110 RBs.

3. Spectrum utilization, guard bands component carrier spacing
Question asked in email discussion:

Several contributions address spectrum utilization and the need for guard bands between component carriers. As indicated in most of these, RAN4 should be consulted on this topic and my proposal is do that and continue our work under the above assumption that a component carrier has maximum 110 RBs and without any assumptions on the number of sub-carriers between two component carriers.  Further optimizations can be considered once RAN4 have given the needed inputs. Is this an acceptable way forward?

Related to this topic, there are proposals that adjacent component carriers should be aligned with both the 15 kHz sub-carrier grid and the 100 kHz EUTRA frequency raster spacing in order to simplify implementation. This would require the spacing between component carriers to be a multiple of 300 kHz. I do not see that this would have much impact on a generic carrier aggregation design and RAN4 guidance should be sought on this issue as well, so the decision to include such a requirement can be taken at a later stage. 

There was general agreement on the principle. Several companies commented that further optimization of spectrum utilization should be considered. The facilitator suggested having a general discussion on how to provide backwards compatibility if the number of RBs in a component carrier is different than the number of RBs supported by a Release 8 UE.
Proposal for baseline assumption: For contiguous carrier aggregation, the needed frequency spacing between the contiguous component carriers will be studied by RAN4. This study should include the maximum number of RBs per component carrier and the needed guard bands between and at the edges for a certain aggregation case. 
4. Aggregation bandwidths and DL/UL asymmetry 
Question asked in email discussion:

There are proposals that LTE-Advanced should support aggregation of bandwidths lower than the maximum 20 MHz and also that asymmetric aggregation in UL and DL is needed.  In the end some limitations in the possible combinations are probably needed to limit the implementation and testing effort, but RAN1 can take a similar approach as we did for the system bandwidths in Release 8 and develop general methods for both symmetric and asymmetric aggregation that are agnostic to the actual bandwidths and to the number of component carriers being aggregated (An upper limit to the latter is probably useful). Once more is known about the likely deployment scenarios, again requiring RAN4 input, we can specify limitations in aggregation and asymmetry. Is this agreeable as a starting point?  

There seems to be agreement on the principle. It was stated that there is no need for different UL/DL bandwidth in TDD. It was pointed out that this could be true from the TDD system perspective, but even in TDD there might be a need to have a UE configured with different UL and DL bandwidths due to practical limitations in the aggregation. 
Proposal for baseline assumption: The L1 specifications will support aggregation of component carriers of bandwidths up to 110 RBs. It will be possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. RAN4 will study the supported combinations of aggregated component carrier and bandwidths.

5. Non-contiguous carrier aggregation 
Question asked in email discussion:

Most contributions deal with aggregation of contiguous bandwidth, but non-contiguous aggregation should also be supported. Again, as suggested in R1-083750, we should aim at developing schemes that are agnostic to the carriers being contiguous or not. Limitations in the aggregation can be specified later, again requiring RAN4 involvement. Are there any other issues specific to non-contiguous carrier aggregation issues that need to be addressed? 

In general companies wanted to have the same methodology for contiguous and non-contiguous aggregation. It was raised that depending on the choice of UL MA scheme, different schemes would be appropriate for contiguous and non-contiguous aggregation.

Proposal for baseline assumption: Assume the same methodology for contiguous and non-contiguous aggregation. Revisit if UL MA decision requires it.

6. All component carriers LTE Release 8 compatible 
Question asked in email discussion:

In Prague it was discussed whether all the component carriers should be Release 8 compatible, i.e. should a Release 8 UE be able to access all component carriers. 36.913 sets quite strict requirement on backward compatibility, but as long as some of the component carriers support Release 8 backwards compatibility is maintained in the wide sense. Still the benefits of introducing non-backward compatible elements should be justified. As a starting point, my suggestion is to agree that it should at least be possible to operate all component carriers in a Release 8 backwards compatible way. Is this agreeable?
This was in general agreeable. Several companies commented on the need to allow non-compatible component carriers for efficient support of LTE-Advanced features.

Proposal for baseline assumption: It shall be possible to configure all component carriers LTE Release 8 compatible. Consideration of non-backward-compatible configurations of LTE-A component carriers is not precluded.
7. MAC to physical layer mapping 
Question asked in email discussion:
Now we get to the core topic of this discussion. There are two main options for this mapping: 

        1. One TB and HARQ entity per component carrier 

        2. One TB and HARQ entity for the overall aggregated component carriers 

Several contributions mention the benefit of option 1 in providing maximum reuse of Release 8 functionalities. It was discussed if component carrier dependant MCS should be supported. Another issue raised was HARQ performance and complexity differences between the two schemes, e.g. the effect of ACK/NACK errors with large transport blocks and also the need for multiple ACK/NACK in the UL. As mentioned in R1-083528, for UL the choice of scheme is somewhat coupled to the choice of MA scheme. Companies are asked to give their views on these issues and raise any other issues relevant to this topic. 

Most companies preferred or were leaning to option 1. No company stated a clear preference for only having option 2. Several companies stated that there are should be performance difference between the two options. Some companies suggested that option 2 could be supported in addition to option 1. Additional suggestions for modifications to listed options:
· Texas Instruments raised the possibility of allowing HARQ-processes "jump" between component carriers in option 1, but were also OK with option 1 as proposed 
· Sharp indicated that having one TB, but still allow component carrier based MCS would be beneficial. 
· ZTE raised the possibility of allowing different QoS transport channels on different component carriers. The facilitator suggested leaving that topic for RAN2 to discuss. 
· NTT DOCOMO suggested a modification where multiple TBs and HARQ entities are supported, but where each TB can be mapped to multiple component carriers in order to achieve full frequency diversity gain. This proposal was supported by NEC, Sharp and Fujitsu.
More discussion is needed on this topic to decide between option 1 and the modification suggested by NTT DOCOMO.

